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ABSTRACT 
The increase in flood occurrences in the Township of Juan Diaz has affected thousands 
of families and hundreds of businesses and has negatively impacted the lives of thousands of 
residents, who expect the worse every time there is a prolonged period of rain. Some of the 
residents lose their appliances, cars, furniture and houses every year. This study examines the 
relationship between urban development and flooding. Also, it addresses the influences of 
topography, green cover, population changes, runoff changes, and social dynamics on this 
relationship. This study implemented the use of thematic cartography, geographic information 
systems (GIS), personal interviews and field observations to ascertain if there a strict 
relationship between urban development and flooding. The results of this study indicate that 
there are correlations between urban development and flooding. As the impervious surfaces 
increase so does flood magnitude (runoff) and frequency (number of flood occurrences). Also, 
this study demonstrates that the magnitude and frequency of flooding is closely related to 
deforestation, the topography and hydrography of the land, and the exponential increase in 
population currently affecting Panama.  
Keywords: Juan Diaz Township, Republic of Panama, Flooding, Urban Development. 
ACKNOWLEDGEMENTS 
I would like to express my gratitude to the group of people that made this thesis possible. 
This work represents the completion of long exchanges with Dr. Thomas Paradise—my thesis 
advisor. I want to thank Dr. Paradise for always reminding me the importance that this research 
represents for the Republic of Panama. I would like to thank Dr. Fiona Davidson for her advice 
on how to visually represent my data and results. Special thanks to my family, especially my 
mother Ana Gilda Rodriguez for always motivating me to bring out the best in me and never 
giving up before any obstacle.   
Thanks to the office of the Vice Mayor of Panama City for being willing to provide me with very 
useful data for this research.  
Furthermore, I would have not been able to come this far without the advice of my life mentor—
Dr. Etilvia Arjona Chang.  
                                                                                
DEDICATION 
 This thesis is dedicated to the residents of the Juan Diaz Township, who have to struggle 
with the constant occurrence of flooding. In the hope that flood hazard occurrences can be better 
understood in order to decrease their frequency and magnitude—hoping that they can have a 
better life.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE OF CONTENTS 
CHAPTER 1: Introduction…………………………………………………………….....1 
CHAPTER 2: Study Site………………………………………………………………….2 
2.1 Geography………………………………………………………………………3 
2.2 Climate………………………………………………………………………….8 
2.3 Flood Occurrence in Panama…………………………………………………..10 
2.4 Flood in Panama Province……………………………………………………..13 
2.5 Juan Diaz Township…………………………………………………………...14 
2.6 Study Site Water Resources……………………………………………………16 
2.7 Juan Diaz Urban Development and Flooding………………………………….17 
CHAPTER 3: Literature Review………………………………………………………..21 
3.1 Hydrological Cycle…………………………………………………………….21 
3.2 Flood Theory and Stream Morphology………………………………………..24 
3.3 Juan Diaz Flood Events………………………………………………………..27 
3.4 Urban Development Composites………………………………………………50 
CHAPTER 4: Methodology……………………………………………………………...54 
4.1 Procurement of Data on Flooding and Land Changes…………………………54 
4.2 Data Processing and Image Preparation………………………………………..55 
4.3 Analysis of Changes in Land Use and Flood Coverage………………………..57 
CHAPTER 5: Results……………………………………………………………………..59 
5.1 Overlay of Flood Events and Urban Change Composites……………………..60 
CHAPTER 6: Discussion…………………………………………………………………65 
6.1 Discussion of Topography as Predominant Factor…………………………….65 
6.2 Discussion of Changes in Land Use and Population…………………………..68 
6.3 Field Observation from 2016…………………………………………………..69 
CHAPTER 7: Conclusions, Implications and Recommendations………………………..70 
7.1 Conclusions……………………………………………………………………70 
7.2 Implications……………………………………………………………………71 
7.3 Recommendations……………………………………………………………..72 
CHAPTER 8: Works Referenced………………………………………………………...73 
CHAPTER 9: Appendices……………………………………………………………….76 
Appendix A Photographs………………………………………………………….76 
LIST OF FIGURES 
Figure 2.1 Panama in Central America…………………………………………………....3 
Figure 2.2 Panama’s Natural Dissasters…………………………………………………...4 
Figute 2.3 Panama in Latin America……………………………………………………....5 
Figure 2.4 Panama’s Elevation…………………………………………………………….6 
Figure 2.5 Panama Provinces………………………………………………………………8 
Fifure 2.6 ITCZ Close to Panama………………………………………………………….10 
Figure 2.7 Floods in Panama………………………………………………………………11 
Figure 2.8 Housing Distribution in Panama……………………………………………….12 
Figure 2.9 Houses and Flood Chart in Panama……………………………………………13 
Figure 2.10 Panama Province Flood Map…………………………………………………14 
Figure 2.11 Map of Juan Diaz……………………………………………………………...15 
Figure 2.12 Map of Study Site Hydrography………………………………………………17 
Figure 2.13 Juan Diaz Accessibility………………………………………………………..18 
Figure 2.14 Juan Diaz Most Recent Urban Development………………………………….20 
Figure 3.1 Hydrological Cycle……………………………………………………………...21 
Figure 3.2 Juan Diaz Flood Histogram 1956-2016…………………………………………23 
Figure 3.3 Juan Diaz Vegetarían Loss 1990-2012………………………………………….24 
Figure 3.4 Drainage Basin………………………………………………………………….26 
Figure 3.5 Meandering and Braided Stream………………………………………………..26 
Figure 3.6 River in Normal and Flood Conditions………………………………………….27 
Figure 3.7-3.29 Flood Zones 1984-2016…………………………………………………....27 
                                                                                
Figure 3.30 Juan Diaz Urban Development 2016…………………………………………...50 
Figure 3.31 Juan Diaz Urban Development 2010……………………………………………51 
Figure 3.32 Juan Diaz Urban Development 1990……………………………………………52 
Figure 3.33 Juan Diaz Urban Development 1985………………………………………….....53 
Figure 4.1 Code Used in ArcMap to Draw Flood Zones……………………………………..56 
Figure 4.2 Model Used to Calculate Highest Flood Points…………………………………..57 
Figure 5.1 2004 Flood Zones and Urban Development Overlay……………………………..60 
Figure 5.2 2010 Flood Zones and Urban Development Overlay……………………………..61 
Figure 5.3 Discharge and Precipitation Chart Juan Diaz River………………………………61 
Figure 5.4 Flood Area Chart Juan Diaz 1984-2016…………………………………………..62 
Figure 5.5 Chart of Changes in Impervious Surfaces 1960-2016…………………………….62 
Figure 5.6 Population Change Chart Juan Diaz 1926-2013…………………………………..63 
Figure 5.7 Highest Land Elevation Map Within Flood Polygons…………………………….64 
Figure 6.1 Flood Map Series 1984-1995……………………………………………………...66 
Figure 6.2 Flood Map Series 1996-2013……………………………………………………...66 
Figure 6.3 Flood Map Series 2004-2010……………………………………………………...67 
Figure 6.4 Flood Map Series 2011-2016……………………………………………………...67 
Figure 6.5 Field Observations Picture Summer 2016………………………………………...69 
1 
CHAPTER 1: Introduction 
“Floods belong to the most threatening natural hazards, to humans, their lives and their 
property” (Kubal, et al 2009, 1881). Floods are usually related to climate conditions that include 
rapid precipitation and the low permeability of the soils because of water saturation (Ebert 2000). 
Anthropogenic changes made to our natural environment tend to aggravate the occurrence of 
flooding. 
A flood can be defined as the state in which water from a bank full occupies a floodplain. 
Humans can increase the frequency and magnitude of flooding in several ways. A very common 
way is by modifying the hydrography of a place. Rivers have been diverted unnecessarily and 
inadequate drainage systems have been built in Juan Diaz. More stress has been added to the 
Township of Juan Diaz, since its population exponentially began to grow in the 1960’s. The 
existing overpopulation in the Juan Diaz Township does not help to reduce the magnitude and 
frequency of flooding. 
The uncontrolled process or urbanization and the building of houses in floodplains can be 
one of the main causes for the high number of flood occurrences in the Juan Diaz Township 
(Desinventar 2016). Through the use of thematic cartography and GIS, it will be possible to 
assess the possible relationship between urbanization and the occurrence of flooding. It is 
imperative to comprehend the possible relationship that might exist so that pertinent measures 
can be taken in order to reduce the occurrence of flood events that Juan Diaz has been 
experiencing since 1984.  
The frequency on the occurrence of flood began to increase in the year 1986 (Desinventar 
2016). The overlay of flood zones and urban development composites show that most of these 
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flooding occurrences took place in residential and commercial areas—affecting thousands of 
houses and hundreds of businesses.  
The Juan Diaz township is known for having gone through an intense process of 
deforestation. 8% of its total land has been deforested from 1990-2012 (Panamanian Ministry of 
the Environment 2016). It is important to take into consideration that the Juan Diaz surface area 
is only 35 km2, which means this is a significant loss for this small piece of land.  
 I have introduced aspects such as deforestation, population growth and rapid rain. It 
would be irresponsible to assume that urban development is the main cause of flooding in the 
township of Juan Diaz. Consequently, the study area needs to be assessed to find a relationship 
between urban development and flooding. The question would be- is there a relationship between 
urban development and flooding? Can urban development only be blamed for the increase in 
frequency and magnitude of flood events? The primary purpose of this study is to determine if 
urban development and flooding are related and/or any other factor is involved. This will be 
achieved through a) the creation of urban development composites for the years 1985, 1900, 
2010 and 2016 b) visual representation of flooding events for the years 1984-2016 and their 
surface area measurement c) overlay of urban development composites and flood events and d) 
creation hazard maps. The use of GIS, thematic cartography, satellite imagery will play an 
important role.               
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CHAPTER 2: Study Site 
2.1 Geography 
The Republic of Panama lies in an ideal location for the investigation of natural hazards. 
Data obtained from the Natural Disaster Inventory Desinventar from 1929-2017 suggests that 
the Republic of Panama is prone to the occurrence of significant natural hazards including 
flood, landslides, gale force winds, storm surges, electrical storms, earthquakes, rainfall, and 
forest fires (Desinventar 2016).  
Figure 2.1 This map displays the regional location of Panama in Central America. Panama has 
borders to the east with Colombia, to the west with Costa Rica, to the north with the Caribbean 
Sea and the South with the Pacific Ocean. (Cartography by Virgilio Quintero, data found in 
ArcMap version 10.6.1)  
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Also, this inventory suggest that flood, landslides, and gale force winds are the natural 
phenomena with most occurrences in the Republic of Panama. Panama’s low latitude and close 
location to the Intertropical Convergence Zone (ITCZ) makes it more vulnerable to occurrence 
of flood--which is the most common natural phenomena.  Panama’s reality is no different than 
what is going on in the rest of the world regarding the occurrence of floods. This observation 
becomes stronger when Blaikie points out that “floods belong to the most threatening natural 
hazards, to humans, their lives and their property” (Kubal, et-al 2009, 1881).  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2 Shows the distribution of the total number of natural disasters by type and 
percentages in the Republic of Panama. (Chart created by Virgilio Quintero; data found at 
https://online.desinventar.org/) 
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The Republic of Panama is located in Central America, which belongs to the northern 
hemisphere along with other countries such as: Belize, Costa Rica, El Salvador, Guatemala, 
Honduras, and Nicaragua.  Nicaragua is the largest country in this region. Its S inverted isthmus 
shape allows Panama to unite the two biggest land masses of the American Continent—making 
the Isthmus of Panama one of the most noticeable in the world (Valdes 1904). According to the 
National Institute of Statistics and Census Division from the Panamanian Controllership, Panama 
is located between 7°12’07" and 9°38’46" of latitude North and 77°09’24" and 83°03’07" of 
West longitude. 
Figure 2.3 Map showing the location of Panama in Latin America (Cartography by Virgilio 
Quintero; data found in ArcMap version 10.6.1) 
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The Republic of Panama is the fifth largest country in Central America with a total land area of 
approximately 75, 517 square kilometers. It occupies the extension of land between Colombia 
and Costa Rica. The National Institute for Statistics and Census of the Republic of Panama has 
identified the most important elevations in the country as follows: Volcal Baru (3,475 m), Cerro 
Fabrega (3,335 m), Cerro Itamut (3,279 m), Cerro Echandi (3,162) and Cerro Picacho (2,986 m). 
All of them located in the most western part of the country (Republic of Panama Controllership 
2008)   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 Elevation map of Panama. (Cartography by Virgilio Quintero; SRTM imagery 
1ArcSec downloaded from USGS Earth Explorer). 
 
According to the National Institute for Statistics and Census of the Republic of Panama, 
the country has a population of approximately 4, 058, 372 people (La Estrella de Panama 2017). 
The most predominant social group is the black who represents 69.5% of the population, 
7 
followed by the indigenous groups with a 24% and mestizos with 6.5% (Organization of 
American States 2017). Article 35 of the Panamanian constitution acknowledges that Roman 
Catholicism is the religion followed by most Panamanian (UNESCO 2017). It is estimated that 
approximately 72% of Panamanians practice Roman Catholicism (Corporacion Latinobarometro 
2014).
To clearly understand the distribution of the occurrence of flooding in the Republic of 
Panama, it is necessary to describe its political administrative division.  
Since the approval of the Law 119 of the 30TH of December of 2013 that creates the Province of 
Panama Oeste through the splitting of the Province of Panama by the National Assembly 
(Official Gazette of the Republic of Panama, 2013, 1), the political administrative division of the 
Republic of Panama remains as follows: 10 provincias (provinces), 77 distritos (municipalities), 
5 comarcas indígenas (native regions), and 655 corregimientos (small towns) - (Panausm 2015). 
The administrative division of Panama into provinces goes back to the Spanish colonial 
influence, which takes place from the 1500 until its separation from Spain in 1821. The original 
administrative division was comprised of two provinces. These were the Province of Panama to 
the east and the Province of Veraguas to the west (Sosa and Arce 1911). The addition of more 
provinces and other administrative divisions to the Panamanian territory was the result of the 
Colombian-Spanish influence.   
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Figure 2.5 Map of the largest constituencies and native regions in the Republic of Panama 
(Cartography by Virgilio Quintero; data obtained from the National Census and Statistics 
Institute of the Controllership of the Republic of Panama). 
 
2.2 Climate   
Panama is part of the ITCZ, where LARGE masses of air that come from the northern 
and southern hemispheres converge. According to ETESA, electrical distribution company, the 
ITCZ influence on the isthmus creates two distinct seasons—the dry and rainy seasons prevailing 
in most of the Panamanian territory. The rainy season takes place from May until November, 
September and October being the rainiest months of the season.  The dry season takes from 
December until April (ETESA 2017) 
9 
 The sizable masses of ocean water that surround the country are responsible for 
excessive levels of humidity. The narrow mass of land that separates the oceans permits for the 
easy access of water vapor to the territory and even in the most continental sections of the 
country (Valdes 1904). The Republic of Panama falls under the Zones A and C of the Köppen-
Geiger classification scheme. Zone A climate is characterized by the presence of tropical rains 
and the prevalence of monthly average temperatures higher than 18º C. Zone C encompasses 
rainier temperate types of climates with an average monthly coldest temperature of 18º C and 
higher than -3 º C (ETESA 2017). 
The average annual precipitation for the years 1962-2014 was 3,000 mm in the Republic 
of Panama (World Bank 2017). Nonetheless, the precipitation system is classified into three 
pluviometric regions, each one of them having different amounts of rainfall (ETESA, 2017). The 
Pacific Region is well known for having heavy rainfalls and electrical storms with high to low 
intensity during the rainy season. This region is characterized by having a no-rain period called 
“Veranillo” during July and August.  Rainfall in the central region takes place in the afternoon. 
These rains are predominantly caused by air systems coming from the Caribbean or the Pacific 
Ocean causing electrical activity. This part of the country is the most continental of the 
Panamanian territory. The Atlantic Region is more prone to have rains everyday all year long. 
Rain in this region is triggered by constant wind currents coming from the northern hemisphere 
and converging with tropical wind currents (ETESA 2017). 
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Figure 2.6 Shows the ITCZ moving close to the coast of Panama. Map from the Globe 
Scientists’ Blog. 
 
 
2.3 Flood Occurrence in the Republic of Panama 
According to the Natural Disaster Inventory, Desinventar, the Republic of Panama has 
experienced 1819 flood episodes approximately between 1927 and 2017. It is evident that the 
Province of Panama has the highest number of events (figure 1.4), when these occurrences are 
displayed on a map. The number of incidences for the province of Panama amount to 681 or 
37.4% of the total. 
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Figure 2.7 Map of the distribution of flood in the Republic of Panama in percentages from 1920-
2017 (Cartography by Virgilio Quintero; flood data from the natural disaster inventory 
Desinventar and base map found in ArcMap). 
It is evident to see almost the exact same distribution pattern, when we evaluate the 
incidence of flood in the Republic Panama and the number of houses per province. This 
connection becomes more understandable when Pelling noted that: urbanized areas possess a 
higher risk of experiencing flooding because of a great deal of infrastructure, high number of 
inhabitants, high population density and diverse economic activities (Kubal, et-al 2009, 1881). 
12 
 
  
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.8 Map of the distribution of houses in Panama for the year 2010. The number of 
occupied housed obtained by the census department include the following categories individual 
permanent, individual semi-permanent, informal apartment and room in a neighborhood house 
(Cartography by Virgilio Quintero; data and base from ArcMap). 
 
Figure 2.8 shows a graph from the distribution of flood and houses in the Republic of 
Panama per province. The correlation that exists between these two is tangible. The level of 
urbanization is consistent with the occurrence of flood events. The provinces with the highest 
number of urbanization display highest numbers of flood events. The opposite happens with the 
provinces that do not have high levels of urban development. These provinces show less flood 
event occurrences.   
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Figure 2.9 Graph of the distribution of flood and houses in percentages for the Republic of 
Panama. (Graph created by Virgilio Quintero; flood data obtained from the natural disaster 
inventory Desinventar and housing data was obtained from ArcMap data library) 
2.4 Flood Incidence in the Province of Panama 
The Province of Panama presents most of the flood occurrences in the Republic of 
Panama from 1929 – 2017. Available data from Desinventar on the incidence of flood in this 
Province allows for the analysis of its distribution per “corregimiento” small towns. Small towns 
or the equivalent to a township is the smallest administrative division unit within the country. 
Most of the flood occurrences at the township level “corregimiento” took place in the township 
of Juan Diaz. The total number of available flooding events for the Province of Panama amounts 
to 570 from 1929 – 2017.  70 events out of 570 events were registered in the corregimiento of 
Juan Diaz. This represents a 12.3% of the total.  
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Figure 2.10 Map of the distribution of flood per township in the Province of Panama in 
percentages (Cartography by Virgilio Quiontero; data on flood from the natural disaster 
inventory Desinventar and base map data from ArcMap). 
 
 
2.5 Township “Corregimiento” of Juan Diaz  
The analysis of data obtained from the Desinventar inventory of natural disasters has shown that 
the Township of Juan Diaz is the most affected by the occurrence of flooding in the Republic of 
Panama. Juan Diaz is located in the Metropolitan Area of the Pacific of Panama. A projection 
from Panama Controllership and its Institute for Statistics and Census, estimated that Juan Diaz 
had a population of 106, 187 inhabitants as of July 2010 (MINSA 2005). It represents 2.9% of 
15 
the total population making Juan Diaz the biggest population center in the Republic of Panama. 
Its surface area is 35 km2 with a population density of 3,404 inhabitants per km2.  
 The origins of the name Juan Diaz is related to a soldier who used to serve a Spanish King and 
who was one of the first settlers of the Township. Juan Diaz was declared a township in August 
14, 1913 (MINSA 2005). 
Figure 2.11 Map of the Townships of Juan Diaz, Pedregal and Rufina Alfaro—study site and 
their location in the Republic of Panama. Shapefiles provided by the Municipality of Panama; 
(Cartography by Virgilio Quintero).  
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 In order to assess the impact that urban development has had on the occurrence of 
flooding in the township of Juan Diaz, the townships of Rufina Alfaro and Pedregal have been 
included in this study. These two townships have gone through an intense urbanization process. 
Even though they do not experience too many flooding occurrences, their high levels of 
development do influence the very complex hydrography of the place—especially the Juan Diaz 
River. Consequently, increasing the flooding occurrences in the Juan Diaz Township.   
 
2.6 Study Site Water Resources 
 The hydrography of the Juan Diaz, Rufina Alfaro and Pedregal townships is composed 
rivers, ravines and artificial channels. Effluent water that comes from residential housing and 
businesses in the area runs through these bodies of water along with all kinds of garbage.  The 
Juan Diaz river runs into the Pacific Ocean. Flooding is a regular occurrence when rapid rainfall 
coincides with high tides on the pacific side of Panama. 
The hydrography of the area has been modified to introduce residential housing. Sections of 
ravines that run into the Juan Diaz River have been paved without taking into consideration the 
maximum discharge of the stream. The Juan Diaz river has been diverted to help minimize the 
occurrence of flooding. This diversion process was supposed to take place with a scheduled 
dredging plan of the river. However, different governments have failed to keep up with the 
dredging schedule—making the flooding situation worse than it was before.   
 Authorities have begun to realize that the irresponsible littering and the lack of a proper 
effluent water treatment make the perfect scenario for the increase in frequency and magnitude 
of floods. This took the government to build the first effluent water treatment plant, which is 
located at the Juan Diaz River mouth.      
17 
Figure 2.12 Map of study site hydrography. The three townships are traversed by the Juan Diaz 
River, which runs into the Pacific Ocean (Cartography by Virgilio Quintero; hydrography and 
study site shape files provided by the Panama City Hall). 
2.7 Juan Diaz Township Urban Development and Flooding 
The Juan Diaz Township is well connected to the center of the City. This connection 
becomes possible thanks to the construction of the Jose Agustin Arango Avenue that traverses 
the entire township and the Corredor Sur or South Corridor. These roads allow for the daily 
18 
 
movement of approximately 75,000 cars in and out of the township. Also, these connections 
allowed for the occurrence of urban sprawl and the migration of people from other parts of the 
country to the Juan Diaz township. The massive migration of people required the immediate 
need for housing. This need was quickly satisfied by the hefty construction of residential 
projects, malls, and an International Airport. It brought with it a high number of squatters, who 
settled in informal housing within floodplains.  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 2.13 Map of the roads that connect the Juan Diaz, Pedregal and Rufina Alfaro townships 
to other parts of the Province of Panama. The Center of Panama City is to the West of the 
townships (Cartography by Virgilio Quintero Quintero, roads and study site shapefiles obtained 
from the Panama City Town Hall). 
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I had the opportunity to make field observations at the Juan Diaz flood zones with the 
Vice-Mayor of Panama City Raisa Banfield and the Hydrology Director from the Ministry of 
Public works Reynaldo Sanchez during the summer of 2016. The stated that “the informal 
housing that was established by squatters was at some point recognized by the local municipality 
as formal housing. This acknowledgement was due to the more than thirty years these people had 
been occupying those pieces of land. This have become an issue whenever the government have 
tried to relocate these families. Some of the families say they are not being offered a fair amount 
of money and some other simply refuse to be relocated—which makes them more vulnerable to 
being flooded” (Personal meeting June 2006).      
Reynaldo Sanchez attributes the increase of flooding events to the uncontrolled urban 
development along the Juan Diaz River watershed and the development of entire communities on 
floodplains (Personal meeting June 2006).  These communities become more vulnerable to 
flooding during rapid rain events. The mapping of urban development composites and the 
extension of flooding events will help to further understand the connection that exists between 
these two—and the risk and vulnerability to flood hazards to which the Juan Diaz Township is 
prone to. Also, population and green cover loss data will be used to explain this connection.     
20 
 
 
Figure 2.14 Map of the study site urban development composed of residential and commercial 
buildings (Cartography by Virgilio Quintero, buildings and study site data provided by the 
Panama City Town Hall). 
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CHAPTER 3: Literature Review 
3.1 The Hydrological Cycle 
Before addressing the spatial distribution of urbanization and its relationship with the 
history of flooding in the Township of Juan Diaz, it is imperative to discuss the hydrological 
cycle. According to NASA approximately 1.3 billion cubic kilometers of water circulates in the 
hydrosphere. This dynamic movement of water starts in the clouds, moves to the land and oceans 
and then back to the clouds. The transportation of water is carried out through the processes of 
precipitation, surface runoff, evaporation, transpiration and condensation. Approximately 97% of 
the water is ocean water, and the other 3% is fresh water found in rivers, lakes, wetlands, glaciers 
and ground water (My NASA Data 2019).   
Figure 3.1 Diagram of the hydrological cycle; (My NASA Data) 
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 Most of the water that falls in the form of rain or snow is evaporated and transpired by 
plants back to the clouds. Only a small amount of that water percolates into the soil to be part of 
the ground water reservoirs. The way way in which water goes through the different stages of the 
hydrologic cyles determines the climate of the earth and how much it varies (My NASA Data 
2019). Also, knowing about the amount of falling rain and the behavior of water allows to 
comprenhend in a more efficient way how precipitation impacts rivers, streams, surface runoff 
and ground water. The different processes included in the water cycle are prone to changes. 
Drastics or uncommon changes in these processes or any of the components of the water cycle 
will result in serious consequences for the environment (My NASA Data 2019).  
 Flooding is the most common natural event in the Republic of Panama (Desinventar 2016). It 
represents 54% of all natural disasters. Data from the Natural Disaster Inventory Desinventar on 
flooding and data from the Institue of Census and Statistics on housing shows that the provinces 
with more houses experienced more flood occurrences. The Province of Panama is the most 
affected with more than 37.4% of all of the flood events in the entire country (Desinventar 2016) 
and the one of the highest number of urbanization in the entire country.    
The Juan Diaz Township is the smallest administraitive area with the highest number flood 
events with more that 12.3% of all flooding occurrences in the Province of Panama (Desinventar 
2016).   
 The high number of flood occurrences makes sense when see the bad land use practices, 
uncontrolled urban development, and how densely populated the  Juan Diaz Township is.  Figure 
3.2 shows the frecuency at which flooding occurs in Juan Diaz per year from 1956-2016. 2010 
was the year that had most of the flood occurrences (9 total) followed by the year 1995 with 6 
flooding episodes (Desinventar 2016).   
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Figure 3.2 Histogram of the frecuency at which flood events occurred in the Juan Diaz township 
from the years 1956-2016. (Chart created by Virgilio Quintero; data from the Desinventar 
inventory of natural dissasters) 
Data collected from the Panamanian Ministry of the Environment shows that the Juan 
Diaz Township has undergone a major deforestation process during the last 22 years.  280 
hectares of land were deforested from 1990 to 2012. This number represents an 8% of the total 
land of Juan Diaz. We can see that the land was deforested in order to build residential projects 
and businesses (Figure 2.14).   
Vegetation plays an important role in the water cyle. Trees help intercept water. The intercepted 
water by trees does not fall directly into the soil, which reduces the amounf of runoff. Also, 
plants can remove great amounts of water from the soil in order to satisfy their survival needs 
(My NASA Data 2019).     
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Figure 3.3 Map of the loss of vegetation in the Juan Diaz Township from 1990-2012 
(Cartography by Virgilio Quintero; data obtained from the Ministry of the Environment of 
Panama) 
 
 
3.2 Flood Theory and Stream Morphology  
 Blaikie noted that “floods are the most threatening natural hazards for humans,  
their lives and their properties” (Kubal, et al 2009, 1881). This observation correlates with the 
occurrence of floods in the Republic of Panama and the Townships of Juan Diaz. The abnormal 
and uncontrollable amount of water that damages, or destroys the land and structures, and 
drowns thousands of people—is what all floods have in common. Regardless of what causes 
them, and the type of weather and topography where they occur (Ebert 2000). Population growth 
has increased the number of people that has moved into river floodplains, which makes these 
25 
communities more vulnerable to being affected by floods. The township of Juan Diaz began to 
be populated as result of urban sprawl. The incoming migration that the center of Panama City 
could not accommodate had to move to Juan Diaz or other Parts of the City (MINSA 2005).  
Surface drainage is defined as runoff (Keller et al 2006). The water that is not absorbed 
by the soil forms streams that eventually will run into rivers. Rivers naturally transport water, 
sand, silt clay, which is the material the riverbed is made of. It is common to find trash in rivers 
in anthropogenically intervened areas.  
It is important to address the concept of discharge, when we refer to the formation of a 
stream. The concept of discharge usually represented by (Q), incorporates elements such as flow 
velocity and water depth to determine the volume of water moving through a determined section 
of a river per unit time (Keller et al 2006).  A graded stream is a stream that has evolved over 
time and the amount of energy required to move material has decreased. Rivers and stream can 
develop different channel patterns. The most common patterns are the braided and meandering 
patterns (Keller et al 2006).  The Juan Diaz river has a natural meander close to the river mouth 
that helps to control the amount of incoming water whenever high tides occur.      
Flooding is the process of overbank flow (Keller et al 2006). The Rapid rain and the 
increased runoff that reaches rivers due to a low percolation of the soils are related to river 
flooding. The place that water occupies as a result of a full riverbank is referred to as floodplain 
(Ebert 200). Precipitation is closely related to the occurrence of floods.  Also, the influence of 
topography, soils and vegetation play an important role on the magnitude and frequency of 
floods (Keller at al 2006).     
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Figure 3.4 Describes the elements of a drainage basin. (Natural Hazards by Edwards Keller and 
Robert H. Blodgett). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 Maps describing a meandering and a braided stream. (Map obtained from Dr. Bruce 
Railsback's GEOL 1121 class, University of Georgia) 
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Figure 3.6 Diagram of a river in its normal conditions and when it exceeds its bank full. 
(Obtained at the Wired website, science section) 
3.3 Flood Events in the Township of Juan Diaz
The Juan Diaz township began to report its first flood event on November 11, 1956. 
According to observations found at the Desinventar inventory, the November 11 flood was the 
overflowing of the Juan Diaz river in several of its sections. The river also overflowed the 
following years: 1961, 1966, 1971, 1975, 1978, and 1986 (Desinventar 2016).    
Figure 3.7 Map of the flood events that took place in 1984. The Juan Diaz neighborhood and it 
covered an area of 173.7 acres (Cartography by Virgilio Quintero; data on the locations of the 
floods was obtained from the natural disaster inventory Desinventar, study site and hydrography 
shapefiles provided by the Panama City Town Hall). 
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Figure 3.8 Map of the1988 flood took place in the neighborhoods of Juan Diaz, Villa Ines and el 
Porvenir. The extension of the flood was of 207 acres. (Cartography by Virgilio Quintero; data 
on the locations of the floods was obtained from the natural disaster inventory Desinventar, study 
site and hydrography shapefiles provided by the Panama City Town Hall). 
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Figure 3.9 Map of the 1990 flood that affected the San Fernando neighborhood. It covered an 
area of 109.45 acres. (Cartography by Virgilio Quintero; data on the locations of the floods was 
obtained from the natural disaster inventory Desinventar, study site and hydrography shapefiles 
provided by the Panama City Town Hall). 
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Figure 3.10 Map of the 1993 flood that affected Ciudad Radial and altos de las acacias 
neighborhoods. The total area covered by the flood for this year was 605 acres. (Cartography by 
Virgilio Quintero; data on the locations of the floods was obtained from the natural disaster 
inventory Desinventar, study site and hydrography shapefiles provided by the Panama City 
Town Hall). 
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Figure 3.11 The 1994 flood affected the Concepcion Municipal and el Nance neighborhoods. It 
covered and area of approximately 90 acres.  (Cartography by Virgilio Quintero; data on the 
locations of the floods was obtained from the natural disaster inventory Desinventar, study site 
and hydrography shapefiles provided by the Panama City Town Hall). 
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Figure 3.12 Map of the 1995 flood that affected the areas of Juan Diaz, Ciudad Radial, Villa 
Venus and San Fernando. It occupied an area of approximately 611.7 Acres. (Cartography by 
Virgilio Quintero; data on the locations of the floods was obtained from the natural disaster 
inventory Desinventar, study site and hydrography shapefiles provided by the Panama City 
Town Hall). 
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Figure 3.13 Map of the 1996 flood that affected the following neighborhoods: Concepcion 
Municipal, Jardin Olimpico and Ciudad Radial. The area it covered was approximately 716 
Acres. (Cartography by Virgilio Quintero; data on the locations of the floods was obtained from 
the natural disaster inventory Desinventar, study site and hydrography shapefiles provided by the 
Panama City Town Hall). 
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Figure 3.14 Map of the 1997 flood that took place in the areas of San Fernando and Santa 
Catalina. It occupied an area of approximately 126 acres. (Cartography by Virgilio Quintero; 
data on the locations of the floods was obtained from the natural disaster inventory Desinventar, 
study site and hydrography shapefiles provided by the Panama City Town Hall). 
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Figure 3.15 Map of the flood that took place in 1998, occupied an area of 800 acres and affected 
the areas of San Fernando, Villa Catalina, Santa Clara, San Cristobal, San Pedro, El Nance and 
El Pailon. (Cartography by Virgilio Quintero; data on the locations of the floods was obtained 
from the natural disaster inventory Desinventar, study site and hydrography shapefiles provided 
by the Panama City Town Hall). 
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Figure 3.16 Map of the 1999 floods affected the area of Monteria. The extension of the flood 
was of approximately 49 acres. (Cartography by Virgilio Quintero; data on the locations of the 
floods was obtained from the natural disaster inventory Desinventar, study site and hydrography 
shapefiles provided by the Panama City Town Hall). 
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Figure 3.17 Map of the 2000 flood that affected the areas of Los Robles Sur, Las Acacias and El 
Pailon. The extension of the flood was of approximately 253.5 acres. (Cartography by Virgilio 
Quintero; data on the locations of the floods was obtained from the natural disaster inventory 
Desinventar, study site and hydrography shapefiles provided by the Panama City Town Hall). 
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Figure 3.18 Map of the 2003 flood that affected the Villa Cecilia area. It occupied an area of 
approximately 98 acres. (Cartography by Virgilio Quintero; data on the locations of the floods 
was obtained from the natural disaster inventory Desinventar, study site and hydrography 
shapefiles provided by the Panama City Town Hall). 
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Figure 3.19 Map of the 2004 flood that affected the following areas: El Nace, Villa Catalina, 
Monteria, El Porvenir, Ciudad Radial, El Pailon, La Florida, San Joaquin, Los Caobos, Juan 
Diaz, Residencial Juan Diaz. The area covered by the flood was approximately 1107 acres. 
(Cartography by Virgilio Quintero; data on the locations of the floods was obtained from the 
natural disaster inventory Desinventar, study site and hydrography shapefiles provided by the 
Panama City Town Hall). 
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Figure 3.20 Map of the 2005 flood that affected the areas of Villa Catalina. The flood covered 
an area of approximately 16 acres. (Cartography by Virgilio Quintero; data on the locations of 
the floods was obtained from the natural disaster inventory Desinventar, study site and 
hydrography shapefiles provided by the Panama City Town Hall). 
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Figure 3.21 Map of the 2006 flood that affected the area of Ciudad Radial. The area covered by 
this flood was of approximately 427 acres. (Cartography by Virgilio Quintero; data on the 
locations of the floods was obtained from the natural disaster inventory Desinventar, study site 
and hydrography shapefiles provided by the Panama City Town Hall). 
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Figure 3.22 Map of the 2007 flood that affected the following the neighborhoods: El Nazareno, 
San Fernando and Concepcion Municipal. It occupied and area of approximately 200 acres. 
(Cartography by Virgilio Quintero; data on the locations of the floods was obtained from the 
natural disaster inventory Desinventar, study site and hydrography shapefiles provided by the 
Panama City Town Hall). 
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Figure 3.23 Map of the 2008 flood that affected the areas of Villa Venus, Rana de Oro, Ciudad 
Radial, El Pailon, San Joaquin, and San Fernando. The approximate area covered of the flood 
was 775.7 acres. (Cartography by Virgilio Quintero; data on the locations of the floods was 
obtained from the natural disaster inventory Desinventar, study site and hydrography shapefiles 
provided by the Panama City Town Hall). 
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Figure 3.24 The 2010 flood affected de areas of El Nance, Villa Catalina, Villa Venus, Ciudad 
Radial, El Pailon, Concepcion Municipal, La Playita, and Juan Diaz. The total extension of the 
flood was approximately 775.7 acres. (Cartography by Virgilio Quintero; data on the locations of 
the floods was obtained from the natural disaster inventory Desinventar, study site and 
hydrography shapefiles provided by the Panama City Town Hall). 
 
 
 
45 
Figure 3.25 Map of the the 2011 flood that affected the area of Llano Bonito. It covered an area 
of approximately 138 acres. (Cartography by Virgilio Quintero; data on the locations of the 
floods was obtained from the natural disaster inventory Desinventar, study site and hydrography 
shapefiles provided by the Panama City Town Hall). 
46 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.26 Map of the 2012 flood that affected the areas of Ciudad Radial and el Nance. The 
total area covered by this flood was approximately 437 acres.  (Cartography by Virgilio 
Quintero; data on the locations of the floods was obtained from the natural disaster inventory 
Desinventar, study site and hydrography shapefiles provided by the Panama City Town Hall). 
 
 
 
 
47 
Figure 3.27 Map of the 2013 flood that affected the areas of El Nance, Ciudad Radial, Llano 
Bonito, Concepcion Municipal, and Juan Diaz. The area covered by this flood was 
approximately 837 acres. (Cartography by Virgilio Quintero; data on the locations of the floods 
was obtained from the natural disaster inventory Desinventar, study site and hydrography 
shapefiles provided by the Panama City Town Hall). 
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Figure 3.28 Map of the 2015 flood that affected the areas of Ciudad Radial, El Porvenir, Villa 
Venus, El Trebol and San Fenando. The extension of this flood was approximately 655 acres. 
(Cartography by Virgilio Quintero; data on the locations of the floods was obtained from the 
natural disaster inventory Desinventar, study site and hydrography shapefiles provided by the 
Panama City Town Hall). 
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Figure 3.29 Map of the flood that affected Juan Diaz in 2016. It covered an area of 
approximately 344 acres. (Cartography by Virgilio Quintero; data on the locations of the floods 
was obtained from the natural disaster inventory Desinventar, study site and hydrography 
shapefiles provided by the Panama City Town Hall). 
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3.4 Urban Development Composites 
 The townships of Juan Diaz, Pedregal and Rufina Alfaro have approximately 50,917 
buildings for the year 2016. The land uses found for these years belong to the following 
categories: commercial areas, high to medium density residential areas and low-density 
residential areas. This number was obtained by counting the numbers of houses in the urban 
composite for the year 2016. The urban composite 2016 was obtained by updating the already 
digitized shapefiles containing the 2010 urban development from the Panama City Town Hall.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.30 Map of land use Juan Diaz, Pedregal and Rufina Alfaro 2016 (Catography and 
digitization of buildings by Virgilio Quintero 2016 using Google Earth Satellite images, 
shapefile provided with buildings up to 2010 by the Panama City Town Hall).  
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Figure 3.31 Map of land use Juan Diaz, Pedregal and Rufina Alfaro 2016. (Cartgraphy by 
Virgilio Quintero; building shapefiles provided by the Panama City Hall) 
48,004 buildings are found in Juan Diaz, Pedregal and Rufina Alfaro. Commercial areas, 
high to medium density residential areas, low density residential areas and recreational areas are 
part of the land uses for this year (Panama City Town Hall 2010).  
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Figure 3.32 Map of land use Juan Diaz, Pedregal and Rufina Alfaro 1990. (Cartgraphy by 
Virgilio Quintero; building shapefiles provided by the Panama City Hall). Buildings were 
eliminated from the 2010 urban composite using a Google Earth Satellite Image, to obtain the 
1990 urban composite).   
 
 
 20,029 buildings were counted for the 1990 urban composite for the study site. The land 
used for this year include the following high to medium residential density and commercial 
buildings (1990 Google Earth Satellite Image). 
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Figure 3.33 Map of land use Juan Diaz, Pedregal and Rufina Alfaro 1985. (Cartgraphy by 
Virgilio Quintero; building shapefiles provided by the Panama City Hall). Buildings were 
eliminated from the 2010 urban composite using a Google Earth Satellite Image, to obtain the 
1985 urban composite).   
13,562 buildings were counted from the urban development composite for the year 1985. 
The main land uses for this year were high to medium density residential and commercial 
buildings. According to the Vice-Mayor of Panama City, Raisa Banfield, the number of 
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residential projects will increase, new malls and roads have been built, and a new subway system 
will be soon be introduced (Personal interview Summer 2016).  
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CHAPTER 4: Methodology 
This study required the thorough analysis and examination of data using thematic 
cartography and geographic information systems (GIS). The grouped layers of data to conduct 
this research were the following: a) The history of flooding for the Townships of Juan Diaz, b) 
changes in population, c) changes in urban morphology and land use and d) changes 
precipitation and river discharge and e) SRTM data.  
4.1 Procurement of Data on Flooding and Land Use Changes 
The data on locations and history of floods for the townships of Juan Diaz were collected 
from several sources, including the Inventory for Natural Disasters Desinventar and The Panama 
City Hall. The data were downloaded on an Excel document. A detailed description about the 
location and date of the flood events was found on the Excel document. This inventory was filled 
out by the Panamanian National System for Civil Protection.    
The data used to build changes in urban morphology was obtained in the form of 
shapefiles from the Panama City Hall. The city structures such buildings and roads were 
digitized until the year 2010 only. The shapefiles were updated by using Google Earth Satellite 
Imagery from 2016. Also, Google Earth images from the years 1990 and 1985 were used to build 
the urban change composites. The data and numbers on changes in Vegetation from 1990-2012 
were provided by the Ministry of the Environment. The data on housing for the Republic of 
Panama was obtained from the department of statistics and census of Panama.  
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4.2 Data Processing and Image Preparation 
The flood data from Desinventar were processed by using pivot tables in Excel. The total 
numbers of floods per province and townships was converted into percentages and introduced 
into ArcMap (Version 10.6.1) for the creation of thematic maps  
The flood zones were drawn by using ArcMap and the use of shapefiles containing the locations 
of the floods.  
    
     
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1 Image contains the code used to locate  the places that flooded and how it is done in 
ArcMap (Version 10.6.1) 
57 
Previous knowledge on the ArcMap programing language was required in order to extract 
the locations of the flood zones.  
The extensions of the flood polygons were measured by using the Calculate Geometry Area from 
Arc Map.  
An elevation model for the Republic of Panama was created using ArcMap and SRTM 
imagery (1ArcSec) from the USGS Earth Explorer. Also, SRTM (1ArcSec) and ArcMap were 
used to calculate the highest point within the flood polygons.    
Figure 4.2 Image contains the model used to calculate the highest points within the flood 
polygons done in ArcMap (Version 10.6.1) 
4.3 Analysis of the changes of land use and the extension (discharge) of flooding 
The main objective of this study is to find if there is a relationship between flooding and 
urban development. Specifically, the influence of flooding on discharge changes.  
The analysis of urban development composites was necessary. The ArcMap statistics tool was 
helpful on the counting of buildings for the different urban development composites—for the 
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years of 1985, 1900, 2010 and 2016. The next steps consist on the comparison and analysis of 
the different urban development composites and their relationship with the extension of the 
different flood episodes. This was achieved by following these steps:  
• Creation of urban development composites for the years 1985, 1900, 2010 and 2016 
• Visual representation of flooding events for the years 1984-2016 
• Overlay of urban development composites and flood events  
• Creation of hazard maps.  
The analysis between the relationship of flooding and the urban development can also be 
achieved by using elements such as: changes in vegetation, data on precipitation and changes in 
population. 
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CHAPTER 5: Results 
5.1 Overlay of flood events and urban change composites. 
The flood patterns shown in this study suggest that floods occur mostly downstream. 
Flood behavior was studied in all three townships. It turns out that most of the flooding events 
took place in the Juan Diaz township, which is located downstream of the Juan Diaz River. News 
reports indicate that floods are responsible for the damage of property and lives every single 
year. Informal housing and formal housing are equally affected (TVN news report).   
The overlay of flood events on urban development composites show that residential units 
are the most affected by the occurrence of flooding. This correlation is due to the fact the urban 
development increases impervious surfaces—therefore increasing the amount of runoff and the 
decreasing the permeability of soils (Ebert 2000).  
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Figure 5.1 Overlay of flood events in 2004 and urban development. A total of 143 commercial 
buildings and 8111 houses were flooded. (Cartography by Virgilio Quintero, data on flooding 
obtained from the natural disaster inventory Desinventar and shapefiles of buildings were 
provided by the Panama City Town Hall). 
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Figure 5.2 Overlay of flood events in 2010 and urban development. A total of 137 commercial 
buildings and 3855 houses were flooded. (Cartography by Virgilio Quintero, data on flooding 
obtained from the natural disaster inventory Desinventar and shapefiles of buildings were 
provided by the Panama City Town Hall). 
Figure 5.3 Chart of the discharge and precipitation Juan Diaz River 1998-2010. Chart created by 
Virgilio Quintero; data found in the paper written by Arias et al 2017. 
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Figure 5.4 Chart of flood size from 1984-2016. Chart created by Virgilio Quintero; data 
obtained by measuring the area contained in the flood polygons. The location of the polygons 
was given by the natural disaster inventory Desinventar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5 Chart of the number of buildings in the townships of Juan Diaz, Pedregal, and Rufina 
Alfaro. Chart created by Virgilio Quintero; data obtained by counting the number of buildings in 
each given urban composite year. 
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Figure 5.6 Chart of changes in population in the Juan Diaz township. Chart created by Virgilio 
Quintero; data obtained from MINSA 2005 
0
20000
40000
60000
80000
100000
120000
140000
1926 1940 1960 1980 1990 2000 2005 2006 2013
#
 o
f 
p
eo
p
le
Years
Population Change Juan Diaz 
64 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.7 Map of the highest points within the flood polygons for the year 2010. Points 
calculated by using STRM data and ArcMap Version 10.6.1. Cartography by Virgilio Quintero.  
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CHAPTER 6: Discussion 
In order to understand this topic, it is imperative to assess it from various dimensions. 
First, through the discussion of the obtained results and the incorporation of flood hazard theory. 
Second, through speculative assessment. This discussion will integrate observations using 
topography, changes in land use and population, changes in the amount of vegetation and runoff 
changes and their influence on flood occurrence.    
6.1 Discussion of topography as a predominant factor  
There are two ways in which flooding can occur when it occurs in a drainage basin—
upstream and downstream floods. An upstream flood usually takes place in the highest parts of 
the basin. A downstream flood occurs in the lower parts of the basin.  
When the flood map series for the different years are examined, we realize that most of the 
runoff episodes took places close to the lower basin of the Juan Diaz river—the Juan Diaz 
Township to be more specific. Upstream flooding occupies small areas (Keller et al 2006). This 
is exactly what happens in our study site. The assessed area of the runoff from 1984 to 2016 is 
smaller upstream of the Juan Diaz. Downstream floods cover wider areas and are caused by rapid 
rain events (Keller et al 2006). This can be noticed when the flood series are examined.  
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Figure 6.1 Flood map series from 1984-1995 (Cartography by Virgilio Quintero; data on flood 
locations obtained from Desinventar). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2 Flood map series from 1996-2003 (Cartography by Virgilio Quintero; data on flood 
locations obtained from Desinventar). 
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Figure 6.3 Flood map series from 2004-2010 (Cartography by Virgilio Quintero; data on flood 
locations obtained from Desinventar). 
Figure 6.4 Flood map series from 2011-2016 (Cartography by Virgilio Quintero; data on flood 
locations obtained from Desinventar). 
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6.2 Discussion of changes in land use and population  
 While assessing satellite imagery, it is evident to see the process of deforestation Juan 
Diaz has undergone. According to the Panamanian Ministry for the environment, a total of 692 
Acres of vegetation were removed from 1990-2012. This number represents a loss of seven 
percent of the total land found in the township of Juan Diaz. The removal of green cover has 
stopped the interception of water. Trees remove water from the soil by using it as food for its 
growth (Keller et al 2006).  Since trees are no longer there, the water that they used to intercept 
will now become part of the runoff.  
 The population of Juan Diaz has not decreased since the moment it was created as a 
Township. The number of people in Juan Diaz was approximately 600 in 1926. In 1960 the 
population had grown to 7553 people. By 1990 its population has reached 75306. Its 2013 
population was 121203 people. (MINSA 2005). The surface area of Juan Diaz is 36 Km2. 
Nowadays, it is an overpopulated township, being the biggest population center in the Republic 
of Panama. As the number of people increases so does the need for housing—people need a 
place to live their lives.   
 The new addition of housing promotes the creation of impervious surfaces, which makes 
it harder for water to infiltrate the soils (Ebert 2000). Therefore, increasing runoff. The size of 
the flood will determine the level of damage that it can do to humans and their property.  2004 
was the year with the largest flood surface area. Newspapers and news reports, also, classify the 
2004 as the worst in the history of Juan Diaz and Panama.    
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6.3 Field observations from 2016 
According to the director of the drainage division from the ministry of public works, Mr. 
Reynaldo Sanchez, the bed of the river is dredged every 2.5 years (Personal interview Summer 
2016). The dredging of the river begins at the Praderas de San Antonio neighborhood and 
finishes where the bridge of the south highway traverses the river. Mr. Sanchez drainage unit 
oversees the cleaning and maintenance of the gutters. His office cannot proactively oversee the 
maintenance of the drainage systems due a shortage of staff.  
The Juan Diaz River overflows when there are high tides of 16 inches and more.  
The section of the river traversed by the South Highway was reduced from 110 m to 90 m.  
Figure 6.5 Picture taken on a field trip to the Juan Diaz River flood zones. Summer 2016. From 
left to right: Mrs. Raisa Banfield (Vice-Mayor of Panama City), next to her a Spanish consultant, 
Virgilio Quintero, Mrs. Aydee Osorio (Director of the Panama City Town Hall Hydrography 
Unit, Mr. Reynaldo Sanchez Assistant, Mr. Reynaldo Sanchez (Oversees the management of 
drainage units for the Township of Juan Diaz. Photo taken by Mrs. Banfield’s assistant). 
70 
 
CHAPTER 7: Conclusions, Implications and Recommendations  
 
7.1 Conclusions 
 
Thematic cartography and geographic information systems (GIS) have proven to be 
invaluable tools in the study of flood frequency and flood magnitude in Panama.  The creation of 
hazard maps is a useful resource to city planners and emergency response teams in order to 
decrease injury, death and loss before or after a flood occurs. When city planners know what are 
the areas prone to flood, they will not build in these zones or they will find ways to modify the 
topography in order to avoid flooding. By knowing the magnitude and location of floods in 
populated areas, first response teams will know what areas need to be tackled first—in order to 
save lives.  
Through the use of thematic cartography, I was able to visually represent the occurrence 
of floods and measure the area they occupied from 1984-2016. Also, urban composites were 
visually represented for the years 1985, 1990, 2010 and 2016. At the province level, data on the 
frequency of flood was represented in maps as well as the number of houses. Data on green 
cover was portrayed in maps. The use of GIS was valuable in measuring the area of flood 
polygons and in counting the number of building for each one of the flood polygons.  
This study shows that the provinces with the highest number of houses were the ones 
with most flood occurrences. Also, it shows that the increase of impervious surfaces is closely 
related to the increase in the occurrence of floods. We can establish this relationship when we 
see the steady increase in the number of buildings in the Juan Diaz, Rufina Alfaro and Pedregal. 
These townships had 1600 buildings in 1960 people and there were 51,000 buildings as of 
December 2016. As the number of houses increases per year so does the area of flood events. 
The tendency of the runoff chart (figure 5.4) is to increase the magnitude of the flood. 
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The loss of 8% of green cover from 1990-2012 in the township of Juan Diaz in order to urbanize 
helps explain the increase in run off as well. 
7.2 Implications 
This study reveals that the occurrence of floods has become a problem that the residents 
of the Juan Diaz township face on a regular basis. It affects thousands of households and people. 
The people affected by these floods are paying for a mortgage of a house that floods. Working 
class people who wake up at 4.00 am to go work and may return to find out find out that they 
have lost a family member and all their belongings as a result of a flood. It can be implied, 
through this study, that floods are impairing the quality of life of the residents in Juan Diaz   
Also, it suggests that the identification of flood zones and flood plains is imperative so that city 
planners do not build in these areas or may only use them as green spaces for recreation—an 
increasing use of floodplains.  Better zoning and regulations on the number of houses that can be 
built in a determined piece of land might reduce the incidence of flood. Also, if we take into 
consideration the issue of irresponsible littering, this research divulges an emerging problem of 
flooding and pollution. 
   The availability of Landsat imagery for the Republic of Panama would have allowed a 
better quantification of the impervious surfaces in the Juan Diaz Township. The use of aerial and 
satellite imagery would have permitted a better identification flood zones—instead of using a 
victim’s narrative that might be incorrect. Panama’s weather generates to much cloudiness that it 
is almost impossible for satellites to take useful images that represent accurate ground 
landscapes.  
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7.3 Recommendations 
 Panama must work on the identification of flood zones. There is not an official document 
in Panama that touches on the uses of a floodplains nor related policies regarding this use. The 
Civil Code of The Republic of Panama reinforces the protection of green areas around bodies of 
water that cannot be intervened. However, the enforcement of these policies is vague; they do 
not say how far or close a house can built near a body of water. 
There is the prompt need to work on policies that prohibit the irresponsible river littering. 
Moreover, the creation of projects that train and include students to learn about the environment 
may a valuable option. It could be implemented for high school students to complete social work 
hours, where they have to go and clean beaches, rivers, and reforest.  
Hazards represents an environmental event that is extreme and can be roughly predicted 
based on past history. Such is the case in this research—past flooding assists us in explaining the 
future. However, the nature of risk integrates hazards with those potentially affected by it, like 
flooding in Panama. So, a major goal of this work is to ultimately link flood hazards to 
population density, emergency services (e.g. hospitals, ambulances) and infrastructure; in the 
hopes that Panama’s flooding although it may continue to increase, may decrease losses through 
effective management and risk assessment.  
Overall this research revealed a growing problem regarding, flooding, floodplain 
mismanagement, policies related to floodplain development, and the relationship between 
increased development, urban growth, misinformation concerning flooding in Panama and a 
greater awareness of this problem to the community and national and regional policy makers. 
Increased knowledge and awareness regarding this growing hazards will help future mitigation in 
the hopes\ of decreasing injury, loss and death as a result of increasing flooding in Panama.  
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Figure 9.1 Picture of house built near the Juan Diaz River. Picture obtained from TVN news 
network. 
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Figure 9.2 Picture of flood that occurred in Juan Diaz. Photo obtained from la Prensa de 
Panama.  
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Figure 9.3 Person unable to open his car because the height of the flood water. Photo obtained 
from Mi Diario Panama.  
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Figure 9.4 Juan Diaz River channel being dredged to mitigate the number of floods. It was 
obtained from la Prensa.  
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Figure 9.5 Garbage thrown by people into the Juan Diaz River. Obtained from la Prensa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
